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-XQH �� 3UDJXH

0RGXOH 6HVVLRQ

(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

0RGXOH�3RZHU�VXSSO\�3DUDPHWHUV

� 1XPEHUV XVHG WR VL]H FDEOHV DUH IRUZRUVW FDVH DW WKH HQG RI OLIH

± (VWLPDWH EDVHG RQ FXUUHQW SURWRW\SH HOHFWURQLFV

� &XUUHQW TXRWHG DERYH LV IRU 7ZR PRGXOHV LQ SDUDOOHO

± %�/D\HU PRGXOHV PD\ KDYH XS WR ��� PRUH GLVVLSDWLRQ DQG XVH GLIIHUHQW

WDEOH�FDEOH VL]HV

� &DEOH &KDLQ RXW WR 5DFNV KDV EHHQ VL]HG DQG QHHGV UHYLHZ

� &DEOH 3HUIRUPDQFH UHTXLUHPHQWV KDYH QRW EHHQ FRQVLGHUHG

± &DSDFLWDQFH� QRLVH UHMHFWLRQ� (0,

± SHUIRUPDQFH RI ���P FKDLQ

± ,PSDFW RQ SHUIRUPDQFH GXH WR FRQQHFWRUV

± 7ZLVWHG 3DLU

� 6\VWHP WHVW RI IXOO OHQJWK FDEOHV ZLWK IOH[ SODQQHG IRU VXPPHU ��

Type I Type II Type III Type IV Type V Pigtail
Power Supply Max Nominal Max Nominal Allowed Worst Case Actual Actual Actual Actual Nominal Nominal

VDD 6.000 4 2 1.52 2 2.067 0.415 0.376 0.272 0.554 0.200 0.250
VDDA 6.000 3.5 1.2 1.08 2 1.942 0.295 0.267 0.303 0.626 0.200 0.250
VCCA 4.000 1.75 1.5 1.44 2 1.982 0.393 0.357 0.258 0.525 0.200 0.250
VVDC - 4 - 0.1 - 1.490 0.207 0.746 0.028 0.058 0.200 0.250
VPIN - 10 - 0.0005 - - - - - - - -

ISET0 - - - - - - - - - - - -
ISET1 - - - - - - - - - - - -

RESET - - - - - - - - - - - -
VDET - 700 0.004 - - - - - - - - -

Voltage Current Line Drop



-XQH �� 3UDJXH

0RGXOH 6HVVLRQ

(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

&DEOH�3ODQW
� 'HVLJQ WR LQWHJUDWH EXQGOHV ZHOO ZLWK 6WUXFWXUH�0RGXODULW\

� &DEOHV VL]HG EDVHG RQ ORFDO RSWLPL]DWLRQV� H�J� PDVV� YROWDJH

GURS IRU D JLYHQ UHJLRQ

� 2YHUDOO 9ROWDJH 'URS OLPLWHG WR ���9

� 33� LQWURGXFHG WR DOORZ IRU MXPS WR ODUJHU VL]H IRU ORQJ UXQ



-XQH �� 3UDJXH

0RGXOH 6HVVLRQ

(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

%�/D\HU�6HUYLFHV�DUH�'LIIHUHQW

���

���

���

��

33)�³7\SH ,´

���

��� WR

33%�

³7\SH ,,´
33%�

3L[HO 9ROXPH

%�/D\HU URXWLQJ LV

VKRZQ LQ %OXH� WKH

UHVW RI WKH 3L[HO

VHUYLFHV DUH

URXWHG DORQJ WKH

JUHHQ SDWK�

� 3RZHU FDEOHV FKDQJH VL]H DW 33%� DQG 33)� IURP ³7\SH �´ WR ³7\SH �´

� 7\SH � LV VL]HG IRU WKH ���P UXQ IURP LQVLGH 3L[HO 9ROXPH WR 33%� WKURXJK ³*$3´

� )RU %�/D\HU� WKLV OHDGV WR DQ H[FHVVLYH YROWDJH GURS LI WUDQVLWLRQ PXVW RFFXU DW 33)�

± 7\SH , LV RQO\ VL]HG IRU ���P OHQJWK

� 1RPLQDO 'URS LQ W\SH �	 � LV ���9��7\SH � LV XVXDOO\ ���P ORQJ� EXW IRU %�/D\HU LV ������

± 3URSRVH WR ,QFUHDVH 7\SH ,, FURVV VHFWLRQ VOLJKWO\ DQG HLWKHU�

� ,QFUHDVH :LUH VL]HV WR PDNH 7\SH ,% # ���9 IRU �P OHQJWK �VOLJKWO\ PRUH PDVVLYH�

� PDNH D W\SH , FDEOH ZLWK OHQJWK ����P ����� OHQJWK RI W\SH � FDEOH� WR PDNH YROWDJH GURS RI ���9

�,QWURGXFHV DX[LOLDU\ WUDQVLWLRQ LQ DGGLWLRQ WR 3DWFK 3DQHO�

3DWFK 33)¶



-XQH �� 3UDJXH

0RGXOH 6HVVLRQ

(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

:RUVW�&DVH�5RXWLQJ�WR�WKH�5DFNV��86$���

33%�

33�



-XQH �� 3UDJXH

0RGXOH 6HVVLRQ

(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

/RZ�0DVV�&DEOH�'HILQLWLRQ

Cable Circ uit  N am e

M aterial/         
A rea for Nom  ∆V  

m m ^2
Neares t  

A W G

Trac e 
W idth 

m m

Conduc tor 
A rea 

m m ^2 ∆V quant ity

O D  or 
Thic k nes s

m m
W idth   

m m

P F  =   2  
A rea 

m m ^2
HV Copper F lex Cu

V D E T - 0.5 0.0125 14 0.10 3.00 8.40
Hi Pow e r A lum inum  W ire A l

V D D 26 - 0.1550 0.415 14 1.07 1.07 32.06
V D DA 26 - 0.1550 0.295 14 1.07 1.07 32.06
V C C 26 - 0.1550 0.393 14 1.07 1.07 32.06

Low  Pow e r Copper F lex Cu
V V DC - 0.5 0.0125 0.373 14 0.10 1.00 2.80
V P IN - 0.5 0.0125 - 14 0.10 1.00 2.80
IS E T 0 - 0.5 0.0125 - 14 0.10 1.00 2.80
IS E T 1 - 0.5 0.0125 - 14 0.10 1.00 2.80

F lex  F o il RE S E T - 0.5 0.0125 - 14 0.10 1.00 2.80
0.025 P T 1000  Module - 0.5 0.0125 - 14 0.10 1.00 2.80
m m P T 1000  Coo ling - 0.5 0.0125 - 0 0.10 1.00 0.00

OP TO 12-way  B und le
F ib er b undle - - - 2 0.32 3.06 1.96

Cable Circ uit  N am e

M aterial/         
A rea for Nom  ∆V  

m m ^2
Neares t  

A W G

Trac e 
W idth 

m m

Conduc tor 
A rea 

m m ^2 ∆V quant ity

O D  or 
Thic k nes s

m m
W idth   

m m

P F  =   2  
A rea 

m m ^2
HV Copper F lex Cu

V D E T - 0.5 0.0125 14 0.10 3.00 8.40
Hi Pow e r A lum inum  W ire A l

V D D 20 - 0.6150 0.376 14 1.54 1.54 66.40
V D DA 20 - 0.6150 0.267 14 1.54 1.54 66.40
V C C 20 - 0.6150 0.357 14 1.54 1.54 66.40

Low  Pow e r Copper F lex Cu
V V DC - 0.5 0.0125 1.344 14 0.10 1.00 2.80

F lex  F o il V P IN - 0.5 0.0125 - 14 0.10 1.00 2.80
IS E T 0 - 0.5 0.0125 - 14 0.10 1.00 2.80
IS E T 1 - 0.5 0.0125 - 14 0.10 1.00 2.80
RE S E T - 0.5 0.0125 - 14 0.10 1.00 2.80

0.025 P T 1000  Module - 0.5 0.0125 - 14 0.10 1.00 2.80
m m P T 1000  Coo ling - 0.5 0.0125 - 0 0.10 1.00 0.00

OP TO 12-way  B und le
F ib er b undle - - - 2 0.32 3.06 1.96

                       T Y P E  I (7  M o du le)   (∆V  nom inal 0.4V /1.5m )

                       T Y P E  II (7  M o dule)   (∆V  nom inal 0.4V /5.4m )



-XQH �� 3UDJXH

0RGXOH 6HVVLRQ

(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

&RQYHQWLRQDO�&DEOHV

Cable Circ uit  N am e

M aterial/         
A rea for Nom  ∆V  

m m ^2
Neares t  

A W G

Trac e 
W idth 

m m

Conduc tor 
A rea 

m m ^2 ∆V quant ity

O D  or 
Thic k nes s

m m
W idth   

m m

P F  =   2 
A rea 

m m ^2
HV Copper W ire Cu

V D E T - 7 1.00 1.00 14.00
Hi P o w e r Copper W ire Cu

V D D 14 - 1.9300 0.272 14 2.39 2.39 159 .94
V D DA 16 - 1.2300 0.303 14 1.94 1.94 105 .38
V C C 14 - 1.9300 0.258 14 2.39 2.39 159 .94
V V DC 16 - 1.2300 0.051 14 1.94 1.94 105 .38

L o w  P o w e r Copper W ire Cu
V P IN - 30 - - 14 0.31 0.31 2.60
S E NS E - 30 - - 42 0.31 0.31 7.81
IS E T 0 - 30 - - 14 0.31 0.31 2.60
IS E T 1 - 30 - - 14 0.31 0.31 2.60
RE S E T - 30 - - 14 0.31 0.31 2.60
P T 1000  Modu le - 30 - - 14 0.31 0.31 2.60
P T 1000  Cooling - 30 - - 0 0.31 0.31 0.00

O P T O 12-way  B und le
F ib er b undle - - - 2 0.32 3.06 1.96

Cable Circ uit  N am e

M aterial/         
A rea for Nom  ∆V  

m m ^2
Neares t  

A W G

Trac e 
W idth 

m m

Conduc tor 
A rea 

m m ^2 ∆V quant ity

O D  or 
Thic k nes s

m m
W idth   

m m

P F  =   2 
A rea 

m m ^2
HV Copper W ire Cu

V D E T - 7 1.00 1.00 14.00
Hi P o w e r Copper W ire Cu

V D D 10 - 4.7400 0.554 14 3.51 3.51 344 .96
V D DA 12 - 2.9800 0.626 14 2.86 2.86 229 .03
V C C 10 - 4.7400 0.525 14 3.51 3.51 344 .96
V V DC 12 - 2.9800 0.104 14 2.86 2.86 229 .03

L o w  P o w e r Copper W ire Cu
V P IN - 30 - - 14 0.31 0.31 2.60
S E NS E - 30 - - 42 0.31 0.31 7.81
IS E T 0 - 30 - - 14 0.31 0.31 2.60
IS E T 1 - 30 - - 14 0.31 0.31 2.60
RE S E T - 30 - - 14 0.31 0.31 2.60
P T 1000  Modu le - 30 - - 14 0.31 0.31 2.60
P T 1000  Cooling - 30 - - 0 0.31 0.31 0.00

O P T O 12-way  B und le
F ib er b undle - - - 2 0.32 3.06 1.96

                       T Y P E  IV  (7  M o dule)  (∆V  nom inal 0.50V /100m )

                       T Y P E  III  (7  M o dule)   (∆V  nom inal 0.25V /20m )



-XQH �� 3UDJXH

0RGXOH 6HVVLRQ

(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

86����(OHYDWLRQ



-XQH �� 3UDJXH

0RGXOH 6HVVLRQ

(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

&LUFXLW�6HQVLWLYLW\

Circuit Current (Max) Current (USED)
Vcc 0.75 0.6
Vddd 1.5 0.75
Vdda 0.6 0.45

PT100 0 0
Optical link 1.00E-05 1.00E-05

VCSEL 1.00E-05 1.00E-05
Bias Voltage 2.00E-03 1.60E-03

%XQGOH LQGLFDWLYH RI VHUYLFH FURVV

VHFWLRQ �7\SH ,� ,,�

� &XUUHQW�3RZHU

± VOLJKW VHQVLWLYLW\ IRU VPDOO FKDQJHV

� ���� ������ (TXLYHODQW WR � FDEOH VL]H LQFUHDVH IRU �

WUDFH

� 1XPEHU RI FLUFXLWV

± +DV LQFUHDVHG WR DOORZ IRU FRQWURO RI 2SWR¶V

± 6HQVH ZLUHV RQO\ SURFHHG LQWR 33%�

� 1RLVH 5HMHFWLRQ

± 7ZLVWHG SDLU GRXEOHV ZLUH DUHD �IURP QRQ�WZLVWHG�

� ��� LQFUHDVH IURP EHIRUH�

� )LEHU 0RGXODULW\

± &XUUHQWO\ %XQGOHV FRPH PRGXOR �� ZKLFK GRHV

QRW HDVLO\ GLYLGH LQWR �� ; �

� SRVVLEOH ��� LQFUHDVH LQ )LEHU &URVV�6HFWLRQ

6HQVLWLYLW\ WR FKDQJHV LQ SDUDPHWHUV

0RGXOH VHUYLFHV PD\ XS WR GRXEOH LQ

IDFH DUHD IURP FXUUHQW EHVW HVWLPDWHV�

)XOO VFDOH WHVWLQJ RI PRGXOH SRZHU FKDLQ

LV QHFHVVDU\ WR GHWHUPLQH WKH H[WHQW WR

ZKLFK WKH\ PD\ LQFUHDVH



-XQH �� 3UDJXH

0RGXOH 6HVVLRQ

(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

6HUYLFHV�DV�URXWHG

� 6HUYLFH SDFNLQJ ODLG RXW IRU

IODW SDQHO IRUZDUG IUDPH

� )URP&$'PRGHOV ZLWK

WZLVWHG SDLU VL]HG IRU ZRUVW

FDVH SRZHU� ZH DUH QHDU

OLPLW RI VSDFH DYDLODEOH

� ([LW RI EDUUHO VHUYLFHV

IURP LQWHULRU RI IUDPH QHHG

FORVH DWWHQWLRQ DQG

SK\VLFDO PRGHO WR DVVHVV

UHDO VSDFH

� ,QFUHDVHV LQ &URVV 6HFWLRQ

IURP WKLV FDVH LV XQWHQDEOH

VSDFH�ZLVH��ZRXOG QHHG WR

JR WR IOH[ FDEOHV IURPZLUH

6&7 (QG )ODQJH

&DEOH 5HWDLQHU

(QYHORSH

��PP &OHDUDQFH�



-XQH �� 3UDJXH

0RGXOH 6HVVLRQ

(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

4XHVWLRQV�WR�$QVZHU

� ,PPHGLDWH �WKLV PRQWK�

± 1XPEHU RI &LUFXLWV �SOHDVH QR PRUH�

± $UH &RQGXFWRU 6L]HV DGHTXDWH

± ,V 3KLORVRSK\ DFFHSWDEOH �DV RSSRVHG WR ORFDO UHJXODWLRQ�

� 1RW VR LPPHGLDWH �� PRQWKV�

± )ODW YV� 5RXQG

± *URXQGLQJ DQG 6KLHOGLQJ RI FDEOHV

± 3RVVLELOLW\ RI UDG KDUG YROWDJH UHJXODWLRQ DW 33%�

� %H\RQG 3URWRW\SH &DEOHV �� PRQWKV�

± +RZ WR SURFHHG RQ GLIIHUHQFHV ZLWK %�/D\HU

± 1XPEHU�W\SH�VL]H RI QRQ�PRGXOH VHUYLFHV

� *URXQGLQJ

� 6KLHOGLQJ

� +HDWHUV

� '&6 VHQVRUV WKDW DUHQ¶W UHODWHG WR PRGXOHV �H�J� VHUYLFHV WHPS�

� &RROLQJ 6HQVRUV

� 52' VWXIIV



-XQH �� 3UDJXH

0RGXOH 6HVVLRQ

(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

&DEOH�3URWRW\SLQJ

� /%1/ LV SUHSDUHG WR SURYLGH DOO SURWRW\SHV IRU &DEOH

� :RXOG OLNH WR KDYH DYDLODEOH E\ 6HSW 7HVW %HDP

� )ODW )OH[ ����P DQG ���P� WR IROORZ HQG RI 2FW

� 3URSRVH�

± 3URYLGH 6LQJOH 0RGXOH &DEOHV DW ILUVW

� %ULQJ 3RZHU �RQO\� LQ RQ ORQJ FDEOHV��OHDYH FRQWURO VLJQDOV DQG 9YGF WR

LWHUDWLRQ ZLWK IOH[ FDEOHV

� 7HVW WZLVWHG DQG QRQ�WZLVWHG FDEOH SHUIRUPDQFH� SRVVLEO\ LQ VLPXODWHG QRLVH

HQYLURQPHQW

± 5HEXLOG LQIUDVWUXFWXUH WR PDNH ODUJH )OH[ �)RU HQG RI 2FW�

� 0DNH VLQJOH PRGXOH UHDOLVWLF FDEOHV ZLWK SRZHU DQG FRQWURO VLJQDOV

�LQFOXGLQJ RSWLFDO OLQN���5RXQG � )OH[ 6ROXWLRQ 	 )OH[�)OH[ LI GHVLUHG

� LQWHQGHG IRU LWHUDWLRQ RI PRGXOH ZLWK RSWROLQN RQ ERDUG

± ��&KHFN SRLQW!! 'HFLGH ZKDW FDEOH RSWLRQ VHW WR SXUVXH �-DQ µ���

± 0DNH )XOO OHQJWK &DEOH %XQGOHV IRU 6SULQJ µ��

� 3LJWDLO GHVLJQV QHHG WR SURFHHG DORQJ VLPLODU OLQHV

� 1HHG WR FKHFN LQWHJUDWLRQ ZLWK )OH[�+\EULG SKDVLQJ�VFKHGXOH



-XQH �� 3UDJXH

0RGXOH 6HVVLRQ

(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

3LJWDLO�3URWRW\SH�7HVWLQJ

'RXEOH VLGHG FDEOH

'RXEOH WR 6LQJOH 6LGHG )OH[

+9

+9 &UHHS

3DWKV

%DOO *ULG $UUD\

&RQWDFW 3DG

$WWDFKHV KHUH

$UPV IROG RYHU WR

SLFN XS WRS
���PP SLWFK DOORZV IRU WLJKWHU

DFFHVV DW HQG RI VWDYH�

8S WR �� FRQQHFWLRQV PXVW EH PDGH

DW HDFK HQG RI HYHU\ VWDYH

��PP 3LWFK &RQWDFW

XVHG LQ 3URWRW\SH

� 7HVW $VVHPEOLQJ 6ROGHU (QG

± R[IRUG KDV VXFFHVVIXOO\ VROGHUHG

���PP SLWFK VWUDLJKW FDEOH��WHVWLQJ

DUUD\ WHFKQLTXH

� PDNLQJ �VPDOO� GRXEOH VLGHG IOH[ WR

WHVW FDFWXV HQG

± 0D\ WU\ VROGHULQJ WKLV DV ZHOO��VDPSOHV

H[LVW RI 1L�$X SODWHG $/ VROGHUHG WR

&X�

� ,V 6ROGHU DFFHSWDEOH WKLV FORVH WR

GHWHFWRU"

QRW SLJWDLO WR

PRGXOH FRQQHFWLRQ



-XQH �� 3UDJXH

0RGXOH 6HVVLRQ

(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

3K\VLFDO�,QWHJUDWLRQ�RI�7HUPLQDWLRQV

� :DQW WR PLQLPL]H SDUW�FRXQW SHU

EXQGOH��LQWHJUDWH DOO SLJWDLOV

LQWR RQH PXOWL�OD\HU IOH[

� 5HGXFLQJ 1XPEHU RI &RQQHFWRUV

± 5HGXFHV 6SDFH DW 3DWFK 3DQHOV

± 5HGXFHV 7LPH IRU PDLQWHQDQFH

± 0DWFKHV 6WUXFWXUDO 0RGXODULW\

± 5HTXLUHV DOWHUQDWH ZD\ RI WHVWLQJ

LQGLYLGXDO 0RGXOHV

± ,QFUHDVHV H[SHQVH RI SLJWDLO �"�

� 7DNH DGYDQWDJH RI DFFXUDF\ RI

)OH[�&LUFXLW SURGXFWLRQ DV

ODUJHU LQWHJUDWLQJ VWUXFWXUH

± 'LVFXVV PLJUDWLRQ RI FRPSRQHQWV

IURP K\EULG WR SLJWDLO"

± 3RVVLEOH OD\RXW DGYDQWDJHV LQ

%DUUHO

± 2SWR�HOHFWULFDO +DUQHVV �OLNH

6&7�"
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(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

0RGXOH�0HFKDQLFV

� %HJLQ WR ORRN DW WKH PHFKDQLFDO LQWHJUDWLRQ RI

6HUYLFHV LQWR WKH PRGXOH

± �' PRGHOV RI PRGXOH DQG DVVHPEO\ WRROLQJ WR EH FUHDWHG

� 3K\VLFDO DVSHFWV RI HOHFWULFDO FRQQHFWLRQ

± +RZ DUH 
$//
 RI WKH FRQQHFWLRQV PDGH��SK\VLFDO DQG &$'

PRGHOV

� )(0 RI PRGXOH DV D ZKROH

± 7KHUPDO�+\JURVFRSLF EHKDYLRU RI )OH[ �+\EULG DQG 3LJWDLO�

± /RDGV LQGXFHG GXULQJ DVVHPEO\ RI 0RGXOH

± *XDUDQWHH DGHTXDWH ORDG WUDQVIHU IRU DOO DVSHFWV RI

DVVHPEO\ WR JXDUG DJDLQVW PRGXOH GDPDJH

� /RDGV LQGXFHG 
%<
 WKH VHUYLFHV RQ WKH PRGXOH

± &DQ XVH UHVXOWV RI EHKDYLRU RI NDSWRQ IOH[ PDWHULDOV IURP

PRGXOH DQDO\VLV

± /HDGV WR DELOLW\ WR EHWWHU DVVHVV ORDGV RI VHUYLFHV RQ

GHWHFWRU DV D ZKROH



-XQH �� 3UDJXH

0RGXOH 6HVVLRQ

(� $QGHUVVHQ /%1/�&(51

$7/$6 3L[HO�'HWHFWRU

'HVLJQ�RI�3LJWDLOV

� 6WDYH DQG 6HFWRU 3LJWDLOV DUH GHVLJQHG GHVLJQHG

FROODERUDWLYHO\

± ZRXOG OLNH WR VKDUH FRPPRQ WHUPLQDWLRQ PHWKRG WR PRGXOH

± 5LJKW DQG /HIW +\EULG IRU 6WDYH��ZKLFK IRU 6HFWRU"

� :LOO PDNH DQG PDLQWDLQ &$' DQG )($ PRGHOV RI 0RGXOHV DW

/%1/

± 7LHV LQWR PRGXOH DVVHPEO\� SODFHPHQW ZRUN DOVR FRQGXFWHG DW /%1/ LQ

WKH QHDU WHUP

� :RUN RQ PRGXOH SODFHPHQW WRROLQJ LV WLHG WR 3LJWDLO

7HUPLQDWLRQ

± /%1/ ZLOO SURWRW\SH FRQQHFWLRQ RI SLJWDLO WR PRGXOH LQ FRQFHUW ZLWK

%RQQ

± (QG�(IIHFWRU IRU PRGXOH KDQGOLQJ ZLOO EH GHYHORSHG DW /%1/ DQG XVHG

RQ ERWK 6HFWRU DQG 6WDYH SODFHPHQW WRROLQJ

± 1HHGV WR UHVSHFW ERWK VWDYH DQG VHFWRU 3LJWDLO GHVLJQ


